It was, of course, well established at this time that the principal physiological stimulus to improvement in endothelial function, and indeed arteriogenic structural adaptation, was shear stress on the endothelium, which transduced some of its effects through changes in nitric oxide (NO) mediated vasodilator and mitogenic function (3, 12) . If leg exercise training was leading to adaptations in the untrained upper limbs, perhaps this related to shear stress changes in the upper limb during lower limb activities? We therefore undertook studies to simply describe the pattern of blood velocity and flow through the resting upper limbs during cycle exercise. The traditional wisdom at the time was that, being an inactive vessel bed during lower limb exercise such as cycling (the arms were passively supported in these experiments), blood flow in the upper limbs should not increase greatly and, as a proportion of cardiac output, it may even decrease so that O 2 transport is focussed on the active lower limbs.
Historical studies which had established this redistribution concept relied upon plethysmography or measurement of limb a-vO2∆ (1, 2, 14) , techniques that only provide a global index of total or average flow into the limb. In our experiments we utilised high resolution Doppler ultrasound for which we had developed edge detection and wall tracking algorithms that allowed us to calculate blood flow change across the cardiac cycle at around 30Hz (11) .
When subjects started upright cycling, we observed an interesting change in the pattern of blood flow in brachial artery of the inactive upper limbs.
Although the mean flows changed in a manner which was broadly consistent with the plethysmographic prediction (2) , this data increased, we observed large increases in the magnitude of retrograde flow during diastole when subjects began cycling (11) . The "amplitude" of flow increased with exercise intensity. Significant volumes of blood therefore flow backwards towards the heart during diastole, a finding which might have surprised William Harvey! The shear stress sensitive endothelium therefore does not see a smooth increase in laminar anterograde flows in the upper limbs as cycle ergometer intensity increases, but rather, somewhat large oscillations in flow whereby blood is dragged in both directions across the cell membranes. Simplistically, we assumed that this might represent a greater stimulus to endothelial NO production or bioavailability than a simple increase in largely anterograde laminar flows. The next step, then, was to determine whether this pattern of flow in the brachial artery of the resting upper limb induced NO release during cycling (10) . We found that the effect of NO blockade during incremental cycling exceeded, albeit slightly, that observed during incremental hand grip exercise, despite both types of exercise resulting in similar average blood flows into the limb (8).
It seems, therefore, that the mode and intensity of exercise performed has important implications for the pattern of flow, notwithstanding the presence of similar bulk flows over time. If endothelial phenotype is indeed sensitive to flow and shear stress patterns (18) , then different types of exercise may logically result in different endothelial adaptations and, consequently, different degrees of change in the health of the vessel wall and its predisposition to atherogenic change (7, 9, 30) . Interestingly, studies of endothelial cells in culture suggest that some oscillatory flow patterns produce pro-atherogenic gene expression, decreased NO bioavailability and promote endothelial dysfunction (18) . As Oscar Wilde put it: Consistency is the last refuge of the unimaginative.
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The exercise training studies described above suggest that functional vascular adaptation might be a generalised consequence of large muscle group activity, a suggestion also supported by studies of carotid artery compliance following leg exercise training (25) . Can arterial structural change occur in regions that are not directly involved in the training stimulus? Some studies which have examined resistance vessel structure indicate that leg exercise increases peak forearm blood flow (24) , whereas studies of conduit arteries have not typically exhibited adaptation in non-exercised regions (6, 16 Previous studies that examined the effects of exercise training in animal studies primarily evaluated the exercised hind limbs (5, 29) , while molecular responses to cycling exercise in humans were analyzed from biopsies taken from the highly active quadriceps muscle (7, 12) . In contrast, studies examining vascular adaptations to lower limb training (e.g.
cycling, walking and running) mainly focus on the non-active forearm vascular bed. This is even more surprising considering the stimuli for arteriogenesis and angiogenesis during 
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We sincerely thank our friends from Nijmegen for a stimulating debate.
We respond: We agree that there is little extant evidence that training induces structural adaptations beyond the active muscle beds. We also agree The role for shear rate in exercise-induced vascular adaptations is well recognized, but shear rate is not the only factor involved; unfortunately the truth is never simple.
Hypoxia, through release of growth factors such as VEGF, importantly contributes to exercise-induced vascular adaptations (6) . Notably, hypoxia and VEGF also contribute to the release and homing of circulating bone-marrow derived endothelial progenitor cells (1). These progenitor cells predict the occurrence of cardiovascular events and death (9), possibly through their capability for endothelial repair, arteriogenesis and angiogenesis.
Appreciating a key role for hypoxia in exercise-induced vascular adaptations, casts doubt on vascular adaptations in non-active muscles during exercise where this essential physiological stimulus is absent (3).
Interestingly, blood flow and related shear patterns vary markedly among different locations and sizes of arteries at rest and during exercise. The prominent retrograde component in the non-active brachial artery blood flow pattern is hypothesized to result from an increased downstream vasoconstriction (4). In contrast, arteries supplying highly metabolic tissues (i.e. heart and legs) have marked vasodilation and will therefore not demonstrate this blood flow pattern. Therefore, one may question whether findings in the brachial artery during leg exercise can be extrapolated to the coronary vascular bed, since shear rate as well as other physiological stimuli will be markedly different.
Taken together, the central question in this discussion is which stimuli are obligatory, either alone or in combination with others, to result in exercise-induced vascular adaptations in the active and non-active regions. We enjoyed discussing this topic and hope we presented our arguments in line with Oscar Wilde's "one should always play fairly when one has the winning cards". 
